The present paper is an addendum to a previous study on the work that has been conducted during the eleven sessions of a group analysis training at the Basque Foundation for the Investigation of Mental Health at Bilbao. The participants were presented with an "absurd questionnaire" proposing 50 pairs of images, in each of which one image had to be chosen. The results of the previous study were in favors of the influence of group dynamics on individual choices of the images proposed in the questionnaire. Our present analysis complements the previous work with the exploration of the relations between the orientation of the answers in the groups as results of multiple variable analysis and the distribution of Bernoulli's Entropy. Consistently with the conclusions of the previous paper, we interpret these correlations as group effects in the light of Bion's view of group dynamics, which postulates an immediate onset of a group unconscious and its evolution during the group activity.
1. Introduction 1 "I thought of calling it information, but the word was overly used, so I decided to call it uncertainty. [...] Von Neumann told me, 'You should call it entropy, for two reasons. In the first place your uncertainty function has been used in statistical mechanics under that name, so it already has a name. In the second place, and more important, nobody knows what entropy really is, so in a debate you will always have the advantage.'" Excerpt from a conversation between Claude Shannon and John von Neumann regarding what name to give to the attenuation in phone-line signals (Tribus & McIrvine, 1971; Sommaruga, 2009 ).
The present papers extends a previous work (Trojaola-Zapirain et al., 2014) on Group unconscious common orientation based on an exploratory study at the Basque Foundation for the Investigation of Mental Health group training for therapists. In this work we presented evidence of the effects of the group situation on the behaviour of the group members in terms of their choices when confronted with a questionnaire proposing the choice of pictures in pairs.
The correlations that appear between the groups and members of a group during group analysis sessions seem comparable in nature to the remote correlations that appear between two related quantum systems (Einstein, Podolsky & Rosen, 1935; Schrödinger & Born, 1935; Schrödinger & Dirac, 1936; Bell, 1964; 1966; Aspect, Grangier & Roger, 1982) . This phenomenon is called quantum entanglement: two entangled quantum particles can be separated by thousands of kilometres and nevertheless form a single (whole) nonseparable system, as long as no measurements are performed on one of the two particles. Since the discovery of quantum mechanics, similarities have been observed between the quantum description of the world and the functioning of our psyche. In this perspective we decided to investigate the similar entanglements between individuals, and tried to generalize these correlations to individuals belonging to a group.
According to Bion, the evolution of the group is governed both by universal principles he calls "basic assumptions" and by the conflicts that are rooted in the contingent reality of each specific group (Bion, 1961; Vergopoulo, 1983; Foulkes, 1964) . Mediated by the "basic assumptions", group dynamics is similar to individual dynamics, in particular if one considers the loss of the ideal group leader. Table 1 . Demographic, socio-economical and group composition of the participant sample expressed in numbers and percentages for Staff, Trainees, and for the overall participants. Quantities reported are: the number of participants in each age class, the median age with the interquartile range (Q1 and Q3: 25 th and 75 th percentiles respectively), the sex distribution expressed as numbers and percentages of female subjects, the number of participants in each socio-economic subcategory, the number of participants in each enrolment year and in each of the sub-groups of the training. Groups from A to D were the four "small groups". Group E was the conductors of the "large group" and group F was the organizing staff.
Subcategories Staff Trainees All
(n = 14) (n = 31) (n = 45) As explained in the previous paper, our assumption is that the correlations between individual unconscious form a single entangled (non-separable) quantum system where they lose their individuality in favour of a single collective behaviour.
The objective of the present work is to investigate further evidence that group analysis situations can lead the unconscious of the eISSN 1303-5150 www.neuroquantology.com participants to adopt a common orientation in the choice of pictures. In other words, we would like to test whether the presence of an orientation of the group unconscious has a measurable effect on the real world. As described in the our previous paper (Trojaola-Zapirain et al., 2014) we try minimising biases that can be introduced by common cultural background such as news, politics, arts, and so forth, we designed an "absurdum" questionnaire so that answers would rely as little as possible on logical thinking and acquired knowledge, using pictures as unrelated as possible to each other (Figure 1) . The goal of the current study is to consider here the evolution of entropy in groups, studying the possible orientation of answers and the corresponding trend of the entropy. In the mid of the 19 th century, Rudolf Clausius (1850) introduced the concept of entropy, which was reinterpreted in terms of statistical mechanics by Ludwig Boltzman (1886) toward the end of the century. Entropy has often been loosely associated with the concepts of order, disorder and chaos. One of the more powerful (and confusing) aspects of the concept of entropy is that it provides a powerful abstract link between thermodynamics, statistical mechanisms, information theory and quantum mechanics (Balian, 2004) . Although the concept of entropy was originally a thermodynamic construct, it has been adapted in other fields of study, including information theory, psychodynamics, thermoand ecological economics, and evolution (Brooks & Wiley, 1988; Avery, 2003; Yockey, 2005) .
In this work, we are mainly interested in the interpretation of entropy as measure of information and, implicitly, a measure of order and disorder.
In this context we can think of entropy as the amount of information needed to fully define the microscopic state of the system, which is otherwise left unspecified by the macroscopic description. The first to notice the connection between entropy and information was Claude Shannon (Shannon & Weaver, 1949) . In information theory, entropy is the measure of the amount of information in a transmitted message and is sometimes referred to as Shannon entropy. In this context, the definition of entropy is expressed as the sum of terms depending on a set of discrete probabilities:
where p(xi) is the probability that a particular message xi is actually transmitted. We note here that the question of the relation between information and thermodynamic entropy has been, and still is, subject to controversy (Brillouin, 1956; Georgescu-Roegen, 1971; Tribus & McIrvine, 1971; Balian, 2004; Chen, 2005; Frigg & Werndl, 2010) . In case all probabilities are equal, the formula for the information entropy reduces to:
= − log( ) where k is the unit of entropy. It is interesting to note that, in these cases, the Shannon entropy (in bits) is the number of yes/no questions needed to determine the content of the message. It is also instructive to note that this expression of the entropy is identical to the Boltzmann (Boltzmann, 1896) formula based on statistical mechanical considerations. Although the equivalence between Shannon and Boltzmann entropy can be demonstrated in several ways, some authors argue that the use of the name entropy for the former is arbitrary and should be dropped in favour of uncertainty.
In our case, the choice of one of the two pictures can be described as a binary process whose outcome can be either 1 (upper picture) or 0 (lower picture). This kind of process is also called a Bernoulli process. In a Bernoulli process there can be only two outcomes (1 or 0), mutually exclusive and exhaustive: success with a probability of p and failure with a probability of (1-p). If X denotes a random variable, we have:
eISSN www.neuroquantology.com 52 with Pr being the probability of the outcome. A classical Bernoulli process is a single toss of a coin, and is defined fair if p=1/2. The Bernoulli distribution is a special case of a binomial distribution with n=1, hence we have:
( ; ) = (1 − ) for ∈ {0,1}.
( ) = and ( ) = (1 − )
In information theory, the entropy of a Bernoulli process is called Bernoulli entropy (Hb) and is defined as ( ) = ( ) = − log( ) − (1 − ) log(1 − ). When p=1/2, the binary entropy function attains its maximum value. This is the case of the unbiased bit, the most common unit of information entropy.
Materials and methods

Participants
For this study we used forty-five adult participants (31 women and 14 men) involved in the group analysis training given by the Basque Foundation for the Investigation of Mental Health (OMIE). This group was composed by 31 people attending the training, 10 members of the training staff and 4 members of the organizing staff. Two participants of this training were excluded from the study because they did not complete the experiment. The training consisted of 10 sessions. At the beginning of the first session and at the end of each session, the participants were asked to fill the questionnaire. Demographic data and socio-economic characteristics of participants have been reported in the previous study and are presented here in Table 1 for completeness.
The Ethics Committee of Geneva University Hospitals approved the experimental protocol, in adherence to the Helsinki Declaration for research with human subjects, and approval was also granted by the OMIE foundation. All participants gave written informed consent after receiving oral and written information about the experiment. All participant data were coded so that they were completely anonymous, including for the researchers analysing the data.
Questionnaire
To evaluate to what extent participants could act according to a common group unconscious, we used an "absurdum questionnaire" of 50 pairs of pictures (Trojaola-Zapirain et al., 2014) . For each of the fifty pairs, participants were asked to choose one of the two pictures. A typical page with hypothetical answers can be seen in Figure  1 . The questionnaire had to be filled within 3 minutes and no correction was allowed. The pictures were colour or black and white drawings and photographs selected from the Web, so that the choice could have minimal correlation either with common cultural background or knowledge or else logical thinking. This method aims at avoiding multiplier effects that a classical word questionnaire (Zanello et al., 2004) can introduce, because the latter requires conscious reflection peculiar to one's own unconscious.
The one hundred images chosen for the questionnaire were randomized to form 50 pairs presented on 10 A4 format landscape oriented sheets with 5 pairs per page. Each pair occupied about 4 cm (horizontal) by 11.5 cm (vertical). For the 11 testing sessions, the pairs were randomly ordered on the 10 sheets to avoid mnemonic or learning effects.
Procedure
OMIE's teaching is a 5-year program to train group therapists for group analysis. Trainees follow courses on group analysis theory, methods and applications, and they also participate in analytical groups to gain practical experience with group dynamics. Practical training is based on 10 modules per year, each one lasting one day and a half. Participants of different years are divided into groups of 8 to 10 people including a conductor (group leader) and an observer, who are members of staff. In the case under study there were four such groups (A to D, Table 1 ). These groups meet 3 times for 1h30 in the course of a module. At the end of each day, the four groups gather for 1h30 in a "large group" that also includes the "large group" leaders (group E in our Table) . Finally, group F is composed by the members of the directing committee, which includes the remaining staff and meets during the course of the module.
During the first test session, participants filled the socio-demographic form indexed with a code to render data anonymous. The same code was used to mark the "absurdum questionnaires". The overall experiment includes 11 tests, in which participants had to select one picture for each of the 50 pairs of the questionnaire. The first test was taken the first day before the training actually started. The remaining 10 tests were eISSN 1303-5150 www.neuroquantology.com
given at the end of the second day (Saturday) of each module. For administrative reason, the staff did not pass the second test at the end of the first module.
Data Analysis
To analyse the data, the most frequently selected picture of each pair during the first test will be indicated as picture A (Ai, i=1, 50), while the other picture will be designed as B (Bi, i=1, 50). Frequency tables were computed for each pair of pictures and each one of the 11 sessions (see Figure 2 ) and a detailed analysis has been reported in the previous work. a) For each of the 11 time-points, we performed separate exploratory multiple correspondence analyses (Le Roux & Rouanet, 2004; Greenacre & Blasius, 2006) to describe participant behaviour toward the 50 pairs of pictures. Multiple correspondence analysis is a generalization of principal component analysis, where the variables to be analysed are categorical (Jolliffe, 2002) . To explore the relationships among participants within the 50 pairs of pictures at a time-point, we analysed an indicator matrix, with columns corresponding to the pairs of pictures and rows to participants. A value of one indicates that the participant selected the A picture of the corresponding pair, while a value of zero indicates they selected B. Then, we derived the Burt matrix (Greenacre, 2007) , which is a cross-tabulation of all pairs of pictures among participants, and performed correspondence analysis in order to obtain the decomposition of total inertia in orthogonal dimensions, in a way analogous to the decomposition of variance in principal component analysis. We estimated the total inertia explained by the first six dimensions, and the coordinates for each pair of pictures on these first six dimensions. To investigate changes in behaviour toward pictures, we compared graphically picture projection plots of column coordinates after principal normalization across time-points.
We calculated the average for each of the six projections (p1, p2, p3, p4, p5, p6), and the global average of these averages (pave).
b) We calculated the Bernoulli entropy as the sum of the entropy of the answers to the 50 questions for each of the session:
where pij is the observed probability (frequency) of obtaining answer A for the i th question (i ∊ [1, 50] ) at the j th session (j ∊ [1, 11] ). We compared the trends of multiple components analysis and the one of Bernoulli entropy over the 11 sessions. The objective was to observe the coherence between the evolution of the choices expressed by the multiple components method (the average for each of the six projections (p1, p2, p3, p4, p5, p6) and the global average of these averages (pave) with the evolution of entropy. We underline that this comparison is only qualitative.
Results
In the overall data set we found 2,143 missing data points out of 24,750, which were filled in using the last observation, carried forward approach (LOCF) as detailed in the previous study. We recall that the staff (14 members) did not complete the second questionnaire, which represents a total of 700 (i.e., 50 x 14) missing data.
a. Orientation of the choices
To explore the relationships within the 50 pairs of pictures among participants at each time-point, we performed separate exploratory multiple correspondence. The results are reported in eISSN 1303-5150 www.neuroquantology.com Figure 3 . The change in choices is signalled by a sudden variation of the values of the projections and their average. An increase in the value of the projections is associated with a greater coherence in the answers (orientation of the group), while a decrease is associated with a loss of coherence in the answers of the group. We observe a first large increase of p1, p2 and p3 at the 4 th test administration (3 rd week of training). The first visible change for p4, p5 and p6 appears instead at the 5 th test administration (4 th week of training). The projection average (pave) shows a first positive fluctuation at the 4 th test administration (3 rd week of training). We observe a second large increase for the projections p1, p4, p5, p6 and pave at the 9 th test administration (8 th week of training). p1 shows an important decrease the 7 th test administration (6 th week of training), accompanied by a less marked decrease of p2 and p3. 
b. Entropy of the choices
The entropy (reported in Figure 4 , green line) shows an increase from the beginning to the end of the experience, which is the expected behaviour in an isolated system, with a slight decrease at the 2 nd test administration (1 st week of training) and at the 9 th test administration (8 th week of training). The diminution at the 1 st week is not coincident with the trend of pave, as we could expect, under the hypothesis of an inverse relationship between the orientation of the choices and the value of entropy. By contrast, the diminution of the entropy at the 8 th week of training is coincident with the second larger change of pave, which happens at the same week of training. 
Discussion
As reported in the previous study, the initial answers to the test are not a 50%-50% random choice between the two pictures of each pair, despite the fact that the pairs of pictures were chosen trying not to induce social or cultural biases. As discussed, this initial bias could be, at least in part, the reflection of some shortcoming of our protocol or a genuine group effect. Indeed, according to Bion, group effects could be seen as soon as people are actually put together. They do not even need to interact actively, and the mere assembly of individuals should be enough to connect unconscious and to provoke group phenomena.
A future version of such a protocol will include the demand for prospect participants to fill the questionnaire before they actually meet for the first session. In practice it is not easy to obtain a questionnaire filled before the beginning of the training above all because during the first evaluation meeting the candidate is not yet chosen for the training. In other hand, sending the questionnaire after the selection exposes the study to the danger of copies with possible memorisation of the images. To propose a second meeting for the purpose of the research is very demanding in organisation and expensive.
Orientation and Entropy of Choices
We observe some changes in the trend of the orientation of choices at the 3 rd and 9 th test administrations, i.e., during the 2 nd and 8 th weekends of training, corresponding respectively to the phases of group idealisation at the beginning, and of group disillusion that occurs before the mourning of the group. "Honey moon" (dependence from the leader), and the successive "fight-flight" attitudes (reaction against the dependence from the leader) could be represented by an increase in the joint orientation of the choices.
The Entropy increases during the experience as in a closed system, with a slight diminution at the 2 nd test administration (1 st week of training), i.e. very early in the training (before the "honey moon"), and at the 9 th test administration (8 th week of training). The trend of average projection and Entropy seem reciprocally inversed starting from the 4 th test administration. We can postulate that the "honey moon" and the successive "fight-flight" attitudes influence the orientation of choices and the Entropy, but that only "fight-flight" attitudes influence Entropy.
Conclusions
The present work has been conducted during group analysis training at the Basque Foundation for the Investigation of Mental Health (OMIE) at Bilbao. The objective is to look for evidence in favour of the influence of group dynamics on individual choices of images in a questionnaire aimed at minimising, or at least reducing, cognitive and social bias.
Globally the Entropy shows the typical behaviour of a closed system. It is interesting to notice that the orientation of choices as described by the exploratory multiple correspondence analysis is not similar to the trend of the Entropy in the three first test administrations. Subsequently the trend of choices and the trend of the Entropy become inversely correlated from the 4 th test administration. The orientation of choices seems to change the trend of the Entropy only in the second part of the experience, during the "fight-flight" (reaction against the dependence from the leader) attitudes If we consider that entropy links the concepts of order and information, we could consider that it is an expression of a more fundamental archetype, which otherwise has been expressed as Chaos and Cosmos, Eros and Thanatos and so on. In this interpretation entropy, as all archetypes, has two faces, the creative order (how much order is there) and the destructive disorder (how much disorder is there), but also the destructive order (there is no more information to obtain) and the creative disorder (there is still information to obtain).
We could then propose the following interpretation. When entropy increases in groups, both creative and destructive, this is due to the "work group". According to Bion this (1961) is the aspect of the group that does "keep the group anchored to a sophisticated and rational level of behaviour". The activity of the work group increases order but reduces the amount of information that can be extracted. At the same time the disorder, both creative and destructive decreases, and this is a sign of a reduction of the effect of the basic assumptions. The action of the basic assumptions is to increase the disorder, but also to increase the amount of information that can be extracted from the group.
In this sense the observed evolution of entropy indicates that the work group progressively, but not monotonically, supersedes the action of the basic assumptions, once the information available is extracted and made explicit. Consequently order is brought into the group, while creativity and disorder are reduced. This again is in accordance with Bion's view of the group dynamics, as he maintains that the action of the "work group" tends to eventually prevail.
Because of the postulated early group orientation of the unconscious it will be important in following studies to test the group of participants with an absurd test before personal interactions in group experience take place.
